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Description 

BACKGROUND OF THE INVENTION 

In recent years recombinant DNA technology has 5 
made possible the large scale production of proteins. 
Several methods for the solubilization and naturation of 
somatotropin protein have been the subject of U.S. Pat- 
ents. For example U.S. Patent No. 4,51 1 ,503 and EP-0 
1 73 21 5 discloses a typical scheme for recovering pro- 10 
teins from retractile bodies. Retractile bodies are insolu- 
ble granules of aggregated denatured somatotropin 
located in the cytoplasm of the Escherichia coli (E. coli) 
cell which are visible as bright spots under a phase con- 
trast microscope. The retractile bodies are caused by the is 
over production of somatotropin as a result of genetic 
manipulation of the E. coli plasmid DNA. The retractile 
bodies are often treated with a strong denaturant or cha- 
otropic agent which causes the improperly folded mole- 
cules to unfold and become soluble. The protein must 20 
then be "renatured." Properly natured monomeric soma- 
totropin is the goal. The retractile bodies cannot be used 
without this unfolding and refolding because they are bio- 
logically inactive in the retractile state. The most com- 
monly employed strong denaturant in schemes of this 25 
type has been guanidine hydrochloride. 

Other methods have involved other chaotropic 
agents such as sodium dodecyl sulphate (SDS) (e.g. 
U.S. Patent No. 4,677,196), or weak denaturants such 
as urea (e.g. U.S. Patent No. 4,731 ,440). 30 

Each of the methods of solubilization and naturation 
of somatotropin have had problems. Guanidine hydro- 
chloride is very expensive and must be replaced for the 
naturation process to occur. SDS is a highly effective 
denaturant and much less expensive than guanidine 35 
hydrochloride, but SDS binds to the denatured protein 
much more tightly making its complete removal from the 
protein problematic and concurrently increasing 
processing costs. Urea is usually used as a weaker 
denaturant or chaotropic agent. But even methods using 40 
urea have had problems such as contamination of the 
final product and handling, storage and waste treatment 
problems. 

In addition to the ether problems of conventional 
methods, properly natured monomer is not the only prod- 45 
uct. Somatotropin monomer is the smallest unit of protein 
that still retains ail of the properties and biological activity 
of somatotropin. Typically somatotropin monomer con- 
sists of approximately 1 91 amino acid residues and has 
a molecular weight of roughly 22,000 daltons. The mon- 50 
omeric molecule is neither covalently linked to nor non- 
covalently associated with other similar molecules. 

Somatotropin dimer consists of two monomer mol- 
ecules which are either covalently linked, e.g. through 
intermolecular disulfide bonds, or non-covalently asso- 55 
ciated with one another. The dimer molecule consists of 
double the number of amino acid residues and double 
the molecular weight of a monomeric molecule. 
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Unfortunately employing conventional methods, 
some dimer is formed, as well as higher molecular weight 
protein molecules. Only the monomer and not the dimer 
is biologically useful. 

Therefore what is needed i n the art is a commercially 
feasible method for the solubilization and naturation of 
somatotropin which produces good yield of monomer, 
without excess dimer and without the use of chaotropic 
agents. 

SUMMARY QF THE INVENTION 

A method for solubilization and naturation of soma- 
totropin without the use of chaotropic agents and the 
monomeric somatotropin produced by the method are 
disclosed. The method comprises dispersing somatotro- 
pin retractile bodies into water to form a suitable concen- 
tration, adjusting the pH to a range from about pH 12.0 
to about pH 12.2, maintaining the pH range for sufficient 
time to completely sol ubil ize the retractile bodies, option- 
ally readjusting the pH of the solution to a range from 
about pH 1 1 .3 to about pH 1 1 .7, maintaining the solution 
at the readjusted pH range, resulting in somatotropin 
content composed of properly natured monomeric 
somatotropin in good yield. 

Surprisingly, the present invention results in lower 
dimer formation and eliminates the need for any separate 
"renaturation" step(s) or agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 diagramatically represents yield of mono- 
mer as dependent upon aging pH and concentration 
of protein. 

Figure 2 diagramatically represents the amount of 
dimer formed as dependent upon aging pH and con- 
centration of protein. 

Figures 3-7 show the gel permeation chromotogra- 
phy results of the novel method overtime (5 minutes, 
1 hour, 2 hours, 5 hours and 10 hours, respectively). 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a method for sol- 
ubilization and naturation of somatotropin which com- 
prises: dispersing somatotropin retractile bodies into 
water in a suitable concentration; adjusting the pH of the 
retractile bodies in water to a level to effect solubilization; 
maintaining the pH for sufficient time to solubilize the 
retractile bodies; optionally readjusting the pH of the 
solution to a level to effect naturation; and maintaining 
the solution at the readjusted pH for a time sufficient to 
result in the somatotropin content in solution to be com- 
posed of properly natured monomeric somatotropin in 
good yield. 

"Somatotropin" as, used herein denotes (1) animal 
growth hormone, derivatives, analogs and fragments 
thereof of whatever species, for example, human, 
bovine, or porcine; (2) precursors to growth, insulin, such 
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as reduced (-SH) growth hormone and S-protected 
growth hormone, for example, growth hormone S-sul- 
fonate; (3) variants of growth hormone or its precursors, 
for example, structures which have been modified to 
lengthen and/or shorten the growth hormone amino acid 
sequence, for example the 20K variant of human growth 
hormone, methionyl human growth hormone, A7 and A9 
porcine growth hormone and the like; and (4) analogs of 
growth hormone or its precursors, for example structures 
in which the growth hormone amino acid sequence has 
been modified by replacement of one or more amino acid 
residues. Both recombinantly derived somatotropin and 
naturally occurring somatotropin as well as any other 
type of somatotropin may be utilized in accordance with 
the present invention. 

The first step in the novel method is the dispersal of 
the somatotropin retractile bodies into water (preferably 
deionized water) at a suitable concentration. Concentra- 
tion of total protein is an important factor of the present 
invention. As Figure 1 shows the yield of monomer 
depends upon the total concentration of the protein. A 
suitable concentration is less than about 5.0 g/1 and pref- 
erably in the range of 0.5 g/1 to about 5.0 g/l. Especially 
preferred is a concentration of about 2.5 g/1. As concen- 
tration increases beyond about 5.0 g/1 range the process 
results tend to suffer. Even though solutions at concen- 
trations below about 0.5 g/1 appear to have better results 
in terms of percent yield of monomer, commercial factors 
such as storage, capital cost and size of equipment as 
well as the additional steps further in the process to 
remove the excess liquid, do not favor using such a dilute 
solution. 

The pH of the concentrated somatotropin is adjusted 
to a range from about pH 1 1 .5 to about pH 12.5, prefer- 
ably about pH 12.0 to about pH 12.2 to solubilize the 
somatotropin in the water. Any strong base may be used 
to adjust the pH of the solution (e.g the addition of sodium 
hydroxide or potassium hydroxide). This solubilization 
generally takes place in a relatively short period of time, 
about two to twenty minutes is typical. With the pH at this 
range the retractile bodies visibly are dissolved and the 
solution clears. After the somatotropin retractile bodies 
are dissolved, the pH may be maintained or lowered. If 
maintained the somatotropin gradually folds and yields 
properly natured monomer. No "renaturing" steps are 
required because no denaturant is used. Instead the 
alkaline environment provides solubilization in a naturing 
type of environment. A naturing environment refers to the 
set of physical and solvent conditions which allow soma- 
totropin to assume a native conformation. Somatotropin 
must be in a naturing environment to achieve the proper 
state of oxidation and conformation necessary for bioac- 
tivity. Because of the naturing-type of environment the 
solubilized retractile bodies gradually fold and form the 
desired end-product of properly natured monomer. This 
is in stark contrast to prior art methods using denatu- 
rants, which then require renaturation steps. 

After the somatotropin retractile bodies are dis- 
solved, the pH may be readjusted to a range from about 



pH 11 to about pH 12. Lowering the pH increases the 
rate of naturation. The pH can be lowered by any method, 
for example the addition of phosphoric acid. The read- 
justed range is preferably about pH 1 1 .3 to pH 1 1 1 for 

5 minimization of dimer. Especially preferred is a pH of 
11.5. Surprisingly, it is found that when the pH is lowered 
to the preferred range, less dimer and a greater amount 
of monomer is formed. The formation of less dimer and 
greater monomer by readjusting the pH is surprising 

10 because the percentage of dimer or monomer formed 
would be expected to remain the same. Figure 2 shows 
the unexpected result that dimer formation is lessened 
using the preferred pH range of the present invention. 

A pH lower than about pH 1 1 can be used, however, 

15 the yield is generally adversely affected and greater 
dimer formed. Additionally if the pH is lowered too far 
there is a risk that the somatotropin will precipitate from 
solution. Conversely, if the pH is not readjusted, the 
naturation process takes longer and degradation reac- 

20 tions such as deamidation are possible. However, differ- 
ent types of somatotropin (e.g. different analogs, 
derivatives, precursors or variants of growth hormone) 
may suggest varying the pH range and such variations 
are considered to be within the scope of the present 

25 invention. 

The solution is maintained at the readjusted pH 
range for about 5 to about 1 2 hours (preferably about 1 0) 
at about 20°C-30°C until the monomer has reached its 
maximum. This is determined by gel permeation chro- 

30 matography. Figures 3-7 show the evolution over time of 
the protein using the method of the present invention. 
Notice that Figures 3-7 show that the path is from higher 
molecular weight protein aggregates toward monomer 
instead of the conventionally proposed model using 

35 denaturants which would show monomer immediately 
formed and no change (or an increase) in molecular 
weight as the monomer correctly folded or joined with 
other protein molecules. 

Figure 3 shows the results of gel permeation chro- 

40 matography (gpc) after 5 minutes. Three peaks can be 
identified: the "A" peak at about 0.45 volume units on the 
abscissa the "B1 " peak at about 0.65 units; and the "B2" 
peak at about 0.77 units. The "A" peak is comprised of 
proteinaceous impurities with molecular weights of over 

45 1 ,000,000 daltons. The "B1 " peak is aggregated soma- 
totropin along with some proteinaceous impurities, e.g. 
E. coli host contaminants. The "B2" peak is the mono- 
meric somatotropin (the "B2" peak may also have some 
remaining impurities as well as monomer). 

so Figure 4 shows the results of gpc after 1 hour. Both 
the "A" peak and the "B1" peak have diminished in size 
and the "B2" peak is markedly more pronounced. 

Figure 5 shows the results of gpc after 2 hours. The 
"A" peak and the "B1" peak have further diminished in 

55 size and the "B2" peak has again increased. 

Figure 6 shows the results of gpc after 5 hours. 
Notice that a small fourth peak or shoulder at about 0.7 
volume units has appeared. This shoulder represents 
dimer formed. The shoulder in Figure 6 shows the low 
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dimer formation of the present novel method. In methods 
wherein high amounts of dimer are formed, an actual dis- 
tinct peak is quite evident. 

Figure 7 shows the results of gpc after 10 hours. 
There is little change from Figure 6, but the "B2" peak s 
representing monomer has increased slightly. 

Figures 3-7 show that the present invention creates 
a naturing environment. The protein molecules in the 
retractile bodies disentangle and are allowed to correctly 
fold to form the biologically active monomeric somatotro- 10 
pin without the use of any denaturants and without any 
separate renaturation steps or agents. 

The resulting solution is comprised of properly 
natured monomeric somatotropin in a good yi eld . A good 
yield is about 30% to about 45% or higher of the total 15 
protein dissolved. Total protein includes all forms of 
somatotropin as well as all other non-somatotropin pro- 
tein impurities such as E. coli host contaminants. Yields 
calculated on a somatotropin only basis would be much 
higher. Yields for methods employing chaotropic agents 20 
are about the same. Because the present invention uses 
no chaotropic agents, however, the resulting monomeric 
somatotropin has no traces of undesirable contaminat- 
ing agents such as SDS, guanadine hydrochloride, or 
urea. The invention is further illustrated in the following 25 
non-limiting examples. 

EXAMPLE 1 

Bovine Somatotropin 30 

Fermentation mash containing E. coli cells which 
have been genetically modified to produce bovine sso- 
matotropin inclusion bodies is centrifuged to separate 
the cells from the broth. The cells are reslurried and dis- 35 
rupted using two passes at 8000 psig through a Gaulin 
homogenizer. The suspension is centrifuged and the pel- 
let reslurried and treated with lysozyme and Triton® X- 
100 detergent at 37°C. The suspension is centrifuged 
and the pellet is washed twice with water and is centri- 40 
fuged after each wash. The resulting pellet, containing 
the insoluble denatured bovine somatotropin, is added 
to water and adjusted to pH 12.15 with NaOH to bring 
the total protein concentration to approximately 2.5 g/l. 
After 20 minutes at pH 12.15 and 25°C, the clear solution 45 
is adjusted to pH 1 1 .5 and is held for 8 hours. The solu- 
tion is ultraf iltered on an Amicon® H1P100-43 100Kdal- 
ton cut-off hollow-fiber cartridge. The permeate is 
collected and concentrated using an Amicon® H1P10- 
43 10K dalton cut-off hollow-fiber cartridge to approxi- 50 
mately 5 g/L The concentrated solution is adjusted to 
pH 9 using 1 N HCI and applied at 20 g bST per L resin 
to a DEAE-Sepharose Fast Flow® anion-exchanger 
which had been equilibrated with 10mM borate, pH 9. 
After washing with the equilibration buffer, the bST is 55 
eluted using a 100mM NaCi, 10mM borate solution, at 
pH 9. The bST peak is concentrated and desalted with 
a dilute ammonia solution using an Amicon® H1 P10-43 
hollow-fiber cartridge until the conductivity of the perme- 
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ate is 100 microsiemens/cm. The desalted solution at 
approximately 2 g/L is lyophilized to yield bovine soma- 
totropin which passes established biological and chem- 
ical tests. 

EXAMPLE 2 

Porcine Somatotropin 

Fermentation mash containing E. coli cells which 
have been genetically modified to produce porcine 
somatotropin inclusion bodies is centrifuged to separate 
the cells from the broth. The cells are reslurried and dis- 
rupted using two passes at 8000 psig through a Gaulin 
homogenizer. The suspension is centrifuged and the pel- 
let reslurried and treated with lysozyme and Triton® X- 
100 detergent at 37°C. The suspension is centrifuged 
and the pellet is washed twice with water and is centri- 
fuged after each wash. The resulting pellet, containing 
the insoluble porcine somatotropin is added to deionized 
water such that the total protein concentration is approx- 
imately 2.5 g/L. The resulting slurry is mixed well while 
adding 5N NaOH to raise the pH to 12.2. The solution 
clears slowly over five minutes. The solution is aged for 
20 minutes at 20°C. The pH is then lowered to 1 1 .5 using 
1 M H3PO4 and is aged for ten hours. The monomer con- 
centration as measured by gel permeation chromatog- 
raphy is 1 .05 g/L at the end of the aging period. 

Claims 

1. A method for solubilization, naturation and the 
decrease of dimerization of somatotropin which 
comprises: 

(a) dispersing somatotropin retractile bodies 
into water in a concentration of less than 5 g/l; 

(b) adjusting the pH to a range from 1 2.0 to 1 2.2; 

(c) maintaining the pH range for 2 to 20 min to 
solubilize the retractile bodies; 

(d) readjusting the pH of the solution to a range 
from 1 1 .3 to 1 1 .7; and 

(e) maintaining the solution at the readjusted pH 
range for 5 to 1 2 h at a temperature of 20 to 30°C 
so as to result in the somatotropin content in 
solution to be composed of properly natured 
monomeric somatotropin in good yield. 

2. The method as in Claim 1 wherein the somatotropin 
is bovine or porcine somatotropin. 

3. The method as in Claims 1 or 2 wherein the soma- 
totropin is recombinarrtly derived somatotropin. 

4. The method as in Claim 3 wherein the somatotropin 
is bovine or porcine somatotropin. 

5. The method as in one of Claims 1 to 4 wherein the 
concentration in step (a) is about 0.5 g/l to 5 g/l. 
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6. The method as in Claim 5 wherein the concentration 
in step (a) is about 2.5 g/l, the pH is readjusted in 
step (d) to pH 1 1 .5 and the time in step (e) is about 
10 hours. 

Patentanspruche 

1 . Verfahren zur Solubilisierung, Naturierung und Ver- 
ringerung der Dimerisation von Somatotropin, 
umfassend: 

(a) das Dispergieren von Somatotropin-Refrak- 
tilkfirpern in Wasser zu einer Konzentration von 
weniger als5g/l; 

(b) das Einstellen des pH auf einen Bereich von 
12,0 bis 12,2; 

(c) das Beibehalten des pH-Bereichs uber 2 bis 
20 Minuten, urn die RefraktilkOrper zu solubili- 
sieren; 

(d) das Umstellen des pH der LOsung auf einen 
Bereich von 1 1 ,3 bis 1 1 ,7; und 

(e) das Halten der LOsung bei dem umgesteilten 
pH-Bereich uber 5 bis 12 Stunden bei einer 
Temperatur von 20 bis 30°C, so daG als Ergeb- 
nis der Somatotropin-Gehalt in LOsung aus pas- 
send naturiertem monomerem Somatotropin in 
guter Ausbeute zusammengesetzt ist. 

2. Verfahren nach Anspruch 1 , bei dem das Somato- 
tropin Rinder- oder Schweine-Somatotropin ist. 

3. Verfahren nach Anspruch 1 oder 2, bei dem das 
Somatotropin Somatotropin rekombinanter Abstam- 
mung ist. 
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2. 
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3. 



4. 
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5. 
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6. 



(a) la dispersion dans I'eau des corps rgfrin- 
gents de somatotrophine, k une concentration 
inf6rieure k 5 g/l ; 

(b) I'ajustement du pH dans une garhme allant 
de 12,0 £ 12,2 ; 

(c) le maintien du pH dans cette gamme pen- 
dant 2 k 20 mn, pour solubiliser les corps rgfrin- 
gents ; 

(d) le r6ajustement du pH de la solution dans 
une gamme allant de 1 1 ,3 k 1 1 , 7 ; et 

(e) le maintien de la solution dans la gamme de 
pH r£ajust6 pendant 5 k 1 2 h , k une temperature 
de 20 k 30 °C, de telle manfere que le contenu 
final de somatotrophine en solution sort com- 
post de la somatotrophine monom6rique cor- 
rectement renaturge, avec un bon rendement. 

Mgthode selon la revendication 1 , dans laquelle la 
somatotrophine est d'origine bovine ou porcine. 

Methode selon les revendications 1 ou 2, dans 
laquelle la somatotrophine est recombinante. 

M6thode selon la revendication 3, dans laquelle la 
somatotrophine est bovine ou porcine. 

M&hode selon Tune des revendications 1 & 4, dans 
laquelle la concentration en prot&ne k l'6tape (a) est 
d'environ 0,5 k 5 g/l. 

M6thode selon la revendication 5, dans laquelle la 
concentration en proteine k l'6tape (a) est d'environ 
2,5 g/l, le pH k l'6tape (d) est rSajuste k 1 1 ,5 et la 
durge de l'6tape (e) est d'environ 10 heures. 
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4. Verfahren nach Anspruch 3, bei dem das Somato- 
tropin Rinder- oder Schweine-Somatotropin ist. 
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5. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem die Konzentration in Schritt (a) ungefShr 0,5 g/l 
bis 5 g/l betrdgt. 



45 



6. Verfahren nach Anspruch 5, bei dem die Konzentra- 
tion in Schritt (a) ungefahr 2,5 g/l betrfigt, der pH in 
Schritt (d) auf pH 11 ,5 umgesteilt wird und die Zeit 
in Schritt (e) ungefahr 10 Stunden betragt. 
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Revendications 



1. M6thode pour la solubilisation, la renaturation et la 
diminution de la dimerisation de la somatotrophine, 
qui comprend : 
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Figure I 



MONOMER FORMATION us TOTAL PROTEIN CONCN 
AND AGING pH 
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Figure 2 



DIMER LEUEL IN DISSOLUTION us 
TOTAL PROTEIN CONC 1 N AND AGING pH 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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